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(54) Operating element for a copying/printing apparatus 



(57) A copying/printing apparatus is provided with 
an operating panel having a directional operating ele- 
ment thereon adapted for operation in an even number 
of directions greater tiian two, such directions being 
opposed in pairs, such as a star cluster of four keys. 
This operating element Is used for setting the value of a 
process parameter. 

Each pair of opposed directions is associated with a 
spedfk: sub-set of tiie total set of possble values of the 

CZZl 



associated parameter, which is traversed stepwise by 
actuating the operating element in said directions. 

A star cluster of four keys, for example, offers tiie 
possibility of changing the enlargement scale by one 
percentage point per step with the top and bottom keys 
during cqsying, and to use the left and right keys to 
traverse the set of values corresponding to imaging on 
each other of a series of standard paper formats. 
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Description 

The invention relates to apparatus for reproducing 
Images on an image support, comprising a feed unit for 
image information; a printing unit for printing an image 
on an image support in accordance with the image 
information supplied; an operating unit provided with 
operating means for setting parameters which deter- 
mine the method of printing the said Image; and a con- 
trol unit connected to the operating means for 
controlling the apparatus in accordance with the set 
parameters. 

Apparatus of this kind, such as copying machines 
or printers, are generally known. 

A parameter which has to be set by an operator 
prior to a copying process Is the enlargement scale, for 
example. Many known copying machines are equipped 
with a continuously variable enlargement scale. The 
enlargement (or reduction which Is considered as an 
enlargement having a factor less than 100%) can then 
be set to an arbitrary value within the range determined 
by the technical construction of the apparatus. e.g. In 
steps of 1%. 

In practice, certain values within that range are 
used more frequently than others. This applies to the 
enlargement factors corresponding to imaging of stand- 
ard paper formats, such as the A-series, on one 
another. For example, to image an A-4 format on an A- 
3 format an enlargement with a factor of 141% Is 
required and on an A-5 format an enlargement with a 
factor of 71%. 

Known apparatus of this kind is frequently provided 
with operating means, usually keys, for continuously 
varying the enlargement scale and the operating panel 
also has keys elsewhere for the selection of the formats 
of the orlgfnai document and the copy support material 
which, whether or not in combination with an optional 
"automatic enlargement", immediately set one of the 
enlargement factors for imaging the standard paper for- 
mats on one another. However, it is far from always 
desirable that selection of one of these special enlarge- 
ment scales should be coupled to the choice of copy 
support material. 

It is therefore desirable to give the operator an 
option for selection of the value of a parameter such as 
the enlargement scale, which on the one hand enables 
rapid selection of a limited group of preferred values 
and, on the other hand, offers for selection a more 
extensive group of values, in a simple and readily appar- 
ent manner. 

To this end, according to the invention, the operat- 
ing means comprise a directional operating element, 
said element by nature being adapted to operation in an 
even number of directions greater than two, such direc- 
tions being opposed in pairs, tor the purpose of select- 
ing, for a predetermined parameter, a value from a set 
of possible values, in such manner that to each pair of 
opposite directions of the said operating element is allo- 
cated a sub-set of the said set of possible values, said 



sub-set differing from the sub-sets allocated to another 
pair of opposite directions of the operating element and 
that operation of the said operating element in accord- 
ance with any pair of opposed directions enables step- 
5 wise selection from the sub-set allocated to said pair of 
directions. 

By concentrating the access to the various sub-sets 
of values of the associated parameter in one operating 
element, selection can be performed rapidly and easily 

10 This appears to be very convenient by many users in 
practice. Although one would expect that a directional 
operating element, such as the well-known cursor key 
set, would rather be confusing because of the multiple, 
not in the direct vicinity specified, operating possibilities. 

15 it showed in tests, that even inexperienced operators 
quickly find out by themselves how to use this operating 
concept and have no difficulties in using it, even when 
no further explanation is given in a display or othenA^ise. 
Preferably, one of the sub-sets is equal to tiie com- 

20 plete set of selectable values of tiie associated parame- 
ter. 

Another parameter which can be operated with an 
operating element according to the Invention Is the 
number of sub-images in a multiple-up mettiod. In this 

25 metiiod, images (usually reduced) of a number of origi- 
nal documents, hereinafter referred to as sub-images, 
are printed together on one copy support, in order thus 
to give a survey of all these documents. The sub- 
images are printed in a regular layout, e.g. 2 x 2. 3 x 3, 

30 etc. but in practice the number of documents to be 
printed in this way will often be unequal to the numbers 
corresponding to said regular layouts. 

The invention now offers the operator the possibility 
of selecting either the actual number of documents, 

35 whereupon the control unit automatically establishes 
the layout in which all the documents can be Imaged, 
possibly togetiier with blank spaces, or directly selecting 
tiie number corresponding to the con-ect or some other 
required layout. When tiie actual number of documents 

40 does not correspond to the number set by this second 
metiiod, the operating unit will fill the copy image witii 
blank spaces. Different directions of the operating ele- 
ment are used for these different selection methods. 
The invention also comprises a printing apparatus 

45 or printer comprising an Input unit for digital Image Infor- 
mation; means for storing a number of digital image 
data files supplied; a printing unit for printing an image 
on an image support in accordance with the image 
information supplied; and an operating unit, provided 

so with operating means and a display screen, for present- 
ing ail the stored files to an operator for selection so that 
a selected file can be printed, a character string being 
displayed on the said screen for each file. 

In this printing apparatus, the operating means 

55 comprise a directional operating element, such element 
being adapted to operation in an even nurrtoer of direc- 
tions greater than two, such directions being opposed in 
pairs, for selecting a character string from the set of 
character strings corresponding to tiie stored digital 
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image data files, in such manner that a sub-set of the 
said set of character strings is allocated to each pair of 
opposite directions of the said operating element, said 
sub-set differing from the sub-sets allocated to another 
pair of opposite directions of the operating element, and 5 
that operation of the said operating element in accord- 
ance with any pair of opposed directions enables step- 
wise selection of the sub-set allocated to said pair of 
directions. 

In one embodiment of this printing apparatus, a first 10 
sub-set comprises all the character strings correspond- 
ing to the stored files and a second sub-set comprises 
the alphabetically or numerically first character string of 
all the character strings of the said set starting with the 
same character. is 

Thus an operator can "step" through the set of char- 
acter strings in long skips by operating the operating 
element in one direction, and on the other hand traverse 
the character strings one by one by operating the oper- 
ating element in the (or an) other direction. 20 

The directional operating element may comprise an 
even number of keys greater than two disposed in the 
immediate vicinity of one another and opposite one 
another In pairs, or an even number of fields greater 
than two disposed in the immediate vicinity of one 2s 
another and opposite one another in pairs on a touch- 
sensitive display screen. Such sets of keys are known 
from PC technology to control a cursor on the screen. 

The directional operating element may alternatively 
conprise a joystick, mouse or track ball (a ball project- so 
ing partially from the operating panel and operated by a 
sweeping movement of the hand). Since an operating 
element of this kind can in principle be operated in an 
infinite number of directions, an interpretation circuit 
should be added to it to interpret operation in any direc- 35 
tion as being operation in the closest direction belong- 
ing to the set of permissible directions. The choice of 
operating directions could also be limited by mechanical 
means. Generally, it is possible to use any operating 
element that can be operated in more than two different 40 
directions opposed to one another in pairs. 

The invention will now be explained with reference 
to the exemplified embodiment desaibed hereinafter 
with reference to the following drawings in which like ref- 
erence numerals refer to like parts. 45 

Fig. 1 shows the general layout of an apparatus 

according to the invention. 

Fig. 2 is a diagram showing the construction of an 

apparatus for processing and intermediate storage so 

of image information for use in the apparatus of Fig. 

1. 

Rg. 3 shows a scanner for use in the apparatus of 

Fig.1. 

Fig. 4 shows the construction of a front-end for use ss 
In the apparatus of Fig. 1 . 

Fig. 5 shows the construction of a printing unit for 
use in the apparatus of Rg. 1. 



Rg. 6 shows an operating panel for use in the appa- 
ratus of Fig. 1. 

Rg. 7 is a diagram showing the construction of an 
Interpolation circuit for the enlargement of images. 
Rg. 8 shows the procedure In making up a multiple- 
up image. 

Rg. 9 shows a flow diagram for establishing the 
enlargement factor set by the operator. 
Rg. 1 0 shows the make-up of the display screen on 
the operating panel. 

Rg. 11 is a flow diagram for establishing a multiple- 

up mode set by the operator. 

Rg. 12 is a flow diagram for executing a multiple-up 

order. 

Rg. 13 shows an alternative key star cluster. 
Rg. 14 shows the make-up of a display screen. 

Rg. 1 shows the general construction of an image 
reproduction apparatus according to the invention. The 
apparatus comprises a scanner 1 for opto-electrical 
scanning of a document and delivering digital image 
information corresponding thereto, an input unit 2 for 
image information from an external source and a print- 
ing unit 3 for printing digital image information on a sup- 
port. 

Both the scanner 1 and the input unit 2 are con- 
nected to a device 15 for processing and intermediate 
storage of image information, which is in turn connected 
to the printing unit 3. Scanner 1, input unit 2, device 15 
and printing device 3 are connected to a central control 
unit 18, which is also connected to an operating unit 19 
provided with an operating panel 19A with operating 
elements and a display screen for use by an operator. 

Rg. 2 is a diagram showing the construction of a 
device 15 for processing and intermediate storage of 
image Information, in which the rectangles represent 
functional modules (both physical components and soft- 
ware modules) and the an'ows indicate the data flow 
from one module to the next. The scanner 1 , input unit 2 
and print unit 3 are Included in this drawing in order to 
show their position with reject to the device 15. 
Although not shown in the drawing, the various ele- 
ments of the device 1 5 are connected to the control unit 
18. which co-ordinates their action. 

The scanner 1 scans an original document line by 
line and in so doing delivers digital signals which 
describe the grey values of raster dots (pixels) of the 
document The scanner element (CCD array) and the 
document are moved relatively to one another by 
means of a motor 9. This may be a servomotor with a 
feedback circuit for the position of the scanner element. 
A more detailed description of the scanner will follow. 

The digital signals from the scanner are fed to a 
ZOOM module 103 which, if required, performs enlarge- 
ment or reduction via Interpolation. 

TTie signals from the ZOOM module 103 are fed via 
a buffer 104 to a half-tone module 105 which converts 
the signals, which then still descrOse grey values. Into 
binary signals which specify one of two values for each 
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pixel: 0 or 1. so that these signals become suitable for 
controlling a printer unit which can print only white or 
black image dots. The literature describes many half 
tone processes so that no explanation is required. It is 
immaterial to this description what half-tone processing $ 
Is applied provided the resulting signals are binary. 

The signals from the half-tone module 105 are in 
turn transmitted to a multiplexer 106. An input unit 2 for 
digital image signals from a local network 16 is con- 
nected to another input of multiplexer 106 so that digital io 
signals can be fed from an external source, such as a 
work station. The multiplexer 106 passes one of the two 
data streams (from the scanner or from the network) to 
a mixer module 108. The latter has a second input to 
which a return linis 120 is connected for the feedback of 15 
signals from the memory 111, which will be discussed 
hereinafter. 

The signals from multiplexer 106 and the return line 
120 can be mixed in the mixer module 108 in accord- 
ance with logic functions on a pixel basis, correspond- 20 
ing to the mixing of two images. Examples of such logic 
functions are: OR, AND, EXOR. Mixing of binary image 
signals in this way is generally known from the literature 
and requires no further explanation here. 

The mixer module 108 is connected to a rotation 25 
module 109, in which the image defined by the signals 
from the mixer module 108 can be rotated through an 
angle of 90*". 

The signals from rotation module 109 are then com- 
pressed In a compression module 110 and stored in a so 
memory 111. Although compression is not absolutely 
essential, it is recommended, because in this way it is 
possible to store the data of more documents. The com- 
pression method may, for example, be run length cod- 
ing. The memory 1 1 1 is provided with a management 35 
system (not shown), which updates the addresses on 
which the data of the documents are stored. 

The memory 1 1 1 is constructed with two independ- 
ent read-out lines, so that the image data of two docu- 
ments can be read out simultaneously. These read-out 40 
lines are each connected to a decompression nrvxlule 
(112a. 112b). These are connected to processing cir- 
cuits, which are identical in principle and which are 
formed by insert modules 113a, 113b. These modules 
can combine the image signals with artificial image data 45 
corresponding to a blank (white) image and which are 
delivered by a virtual frame module 114a, 114b, also 
connected to insert module 113a, 113b. The Objective 
of this is to be able to make image data which describe 
a larger image than the image data from the memory so 
111, e.g. an Image the right-hand half of which consists 
of a scanned document and the left-hand half of which 
is blank (white). 

The insert modules 1 13a. 1 1 3b are connected to a 
mixer multiplexer 1 1 5, in which one of the image signals ss 
can be selectively transmitted or both image signals can 
be mixed, in the same way as described for mixer mod- 
ule 108. 

Mixer multiplexer 115 has two outputs. One is the 



return line 120 already mentioned, which enables 
images stored in the memory to be mixed with newly 
supplied (scanned) images. The other output is con- 
nected via a buffer 116 to the printing unit 3, which will 
be discussed in greater detail hereinafter. 

Buffers may be provided at various locations in the 
circuit described. Since, however, these are not relevant 
to the principle of operation, they have not been 
included in the description. 

TTie scanner device 1 is shown in greater detail in 
Fig. 3. It is provided with a tubular lamp 5 and a reflector 
6 co-operating therewith, by means of which a nan^ow 
strip of a document 8 on a glass platen 7 is illuminated. 
The scanner also comprises an array 10 of imaging 
glass fibres (a "selfloc-Iens-an-ay") by means of which 
the light reflected by the document is projected on a 
sensor array. e.g. a CCD array 12. The lamp 5, reflector 
6. selfloc-lens-anray 10 and CCD array 12 are combined 
on a carriage 1 1 which, during scanning, is advanced by 
a servomotor 9 at a uniform speed in the direction of 
an-ow 13 so that the document 8 is scanned by line by 
line by the CCD array 12. The position of the carriage 1 1 
is continuously measured by means known per se and 
is used, inter alia, for the feedback circuit of the servo- 
motor 9. 

Thus each image dot of the document is converted 
to an analog signal corresponding to the grey value of 
that image dot. The analog signal is then converted to a 
digital signal for each image dot by means of an A/D 
converter 14. 

TTie scanner device 1 can also be provided with an 
automatic or semi-automatic document feeder (not 
shown in the drawings). An automatic document feeder 
(ADF) comprises a tray for receiving a stack of docu- 
ments for copying, a separating mechanism for remov- 
ing the documents from the stack one by one, and a 
conveyor mechanism for conveying a detached docu- 
ment to the glass platen 7. A semi-automatic or manual 
document feeder (MDF) comprises a conveyor mecha- 
nism whereby manually inserted documents are fed to 
the glass platen 7. The feed units referred to are gener- 
ally known so that no detailed description is necessary 

The Input unit 2 for digital image information from 
an external source, or a front-end, is shown in Fig. 4. 
This unit is provided with a network connection unit 220 
connected to an external network 16, to which, for 
example, a number of workstations can be coupled. 
These workstations can send data files in various gen- 
erally used formats (page description languages such 
as PCL, PostScript and so on) via network 16 to have 
them printed. The technique of networks and the trans- 
mission of data files thereover is generally known and 
will therefore not be explained here. 

The connection unit 220 is connected to a job rec- 
ognition module 222 which is in turn connected to a 
hard disc 223. The job recognition module 222 detects 
the page description language (PDL) used in each data 
file supplied and extracts kienttfication data contained 
therein. In network systems, data files for transmission 
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are always provided with Identification data. These data 
usually contain the name of the sender (owner) of the 
file and the name of the file itself. These data are 
extracted by the job recognition module 222. 

The hard disc 223. which Is intended for interim 
storage of a data file supplied, is also connected to a 
PDL interpreter 224 for converting a data file coded in a 
page description language into a form suitable for 
processing by the printing unit 3, this process generally 
being known as "rasterlsing**. The PDL interpreter 224 is 
connected via a buffer 225 to the processing and Interim 
storage device 15. The job recognition module 222, the 
memory disc 223 and the PDL interpreter 224 are also 
connected to the control unit 18. 

For a description of the printing unit reference is 
made to Fig. 5. This printing device Is provided with an 
endless photoconductive belt 20 which by means of 
driving or guide rollers 21, 22 and 23 is advanced at a 
uniform speed in the direction of arrow 24. 

By means of the processed image data supplied 
from device 15 an LED anray 25 is so triggered that the 
photoconductive belt 20 is exposed image-wise line by 
line after being electrostatically charged by a corona 
device 30. 

The latent charge image formed on the belt 20 by 
the exposure Is developed with toner powder by means 
of a magnetic brush device 31 to give a toner image 
which In a first transfer zone is then brought into contact 
under pressure with an endless intermediate belt 32 
made from or covered with an elastic and heat-resistant 
materiah e.g. silicone rubber. In these conditions the 
toner image is transferred by adhesive forces from the 
belt 20 to the belt 32. After this image transfer, any toner 
powder residues remaining are removed from the pho- 
toconductive belt 20 by means of a cleaning device 33, 
whereupon the belt 20 is ready for fresh use. 

The intermediate belt 32 is trained over drive and 
guide rollers 34, 35, the said belt 32 being heated to a 
temperature above the softening temperature of the 
toner powder, e.g. by means of an infrared radiator dis- 
posed inside roller 35. While the belt 32 with the toner 
image thereon is advanced, the toner image becomes 
tacky as a result of the heating. 

In a second transfer zone between the belt 32 and 
a pressure roller 36. the tacky toner image is transferred 
by pressure and simultaneously fixed on a copy sheet 
fed from one of the reservoirs 37 or 38. 

The copy obtained in this way can be finally depos- 
ited in a tray 39 or be fed by a deflector element 40 (in 
the position shown in broken lines) to a turn-over device 
41 in which the copy sheet is turned over and then re- 
fed to the second transfer zone between the belt 32 and 
the pressure roller 36 In order to be printed on the other 
side in said transfer zone with a powder image and then 
placed in the tray 39. 

Rg. 5 shows only two copy sheet reservoirs 37 and 
38 but of course the number of reservoirs can be 
extended to accommodate different sizes of copy 
sheets (formats such as A5. A4 and A3, and also oth- 



ers. e.g. American formats], fn acficfitron, it is also neces- 
sary to be able to present the different copy sheet 
fbrmats in different orientations - namely landscape (the 
longest peripheral side in the direction of transit) or por- 

5 trait (the shortest peripheral side in the direction of tran- 
sit) in order that copies of one and the same copy sheet 
fomrtat can be made with the orientation of the Image 
information extending optionally In the direction of tran- 
sit of the copy sheets through the printing device or per- 

10 pendicularly thereto. 

The different components of the printing device 3 
are controlled by the central control unit 18, directly or 
through the agency of sub-control modules. 

The operating panel 19A is shown in Rg. 6 and 

15 comprises a display screen 60, such as an LCD display, 
and a number of keys, namely a start key 61 , numeral 
keys 62. a correction key 63 and selection keys 64A-E, 
65A-D and the key star cluster 66A-D. The latter com- 
prises the keys 66 A (at the top), 66B (at the bottom), 

20 66C (on tiie right) and 66D (on the left). All these ele- 
ments are connected to the operating unit 19, which in 
response to operation of the keys passes signals to tiie 
control unit 18 and which also controls tiie display 
screen 60 to show selection options and messages to 

25 the operator. 

When tiie apparatus is switched on, the display 
screen 60 displays an image formed by a number of ver- 
tical columns each situated above one of the selection 
keys 64A-E. Each column relates to a specific basic 

30 function of the apparatus and shows the different possi- 
ble settings of said basic function. For example, the col- 
umn furtiiest on the left is allocated tiie selection 
between the copying function, in which a document Is 
scanned by the scanner and then reproduced, and the 

35 printer function in which a print is made in accordance 
with digital image data supplied via the network connec- 
tion. The setting selected at any time, in ttiis case the 
copying function, is denoted by a marker such as a dark 
spot or by highlighting. 

40 By operating a selection key an operator can select 
a different setting, e.g. in accordance with a cyclic pat- 
tern. As a consequence of changing a setting, the func- 
tion of one or more of the other selection k^ may 
change, because the old function is no longer relevant 

46 and other options are required. Different text applicable 
to the new function then appears in the associated col- 
umn on the display screen 60. 

The selection keys 65A-D offer tiie option of calling 
up a different set of functions (section), which cannot be 

50 displayed owing to the restricted dimensions of the dis- 
play screen 60. Generally these are functions which are 
not required for a simple copying or printing order but 
which offer the operator more options to obtain special 
printing results. In this example, these functions include 

55 shitting the margin on tiie print, adding covers, and mul- 
tiple-up. The meaning of the keys 65A-D is shown in an 
associated field on tiie display screen 60 directiy 
beneath each key. When one of tiie keys is actuated, a 
conresponding set of functions is activated and the 
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make-up of the display screen 60 is adapted to the 
associated functions. At the same time, this selection is 
illustrated by framing or otherwise emphasising the field 
on the display screen 60 associated with the actuated 
key from the group 65A-D. 

The columns above the keys 64A (already refenred 
to), 65B (single-side or double-side, both with respect to 
the original document and to copy sheets), 64C (sta- 
pling) and 64D (the choice of printing paper format), 
relate to the finishing of the job. 

The operating panel 19 also contains a numerical 
display 70 to show the number of prints set. as is con- 
ventional on copy sheets. 

Individual functions of the apparatus will now be 
discussed. 

Enlargement function 

With the apparatus described here, It is possible to 
make enlarged or reduced copies of a document. 
Enlargement or reduction of an image is effected by 
changing the resolution of the raster pattern of pixels 
with which the document is described. Since the print- 
ing unit has a fixed resolution, the dimensions of the 
printed image are determined by the resolution of the 
digital Image data delivered to the printing unit: a higher 
resolution results in an enlargement of the printed 
image and a lower resolution results in a reduction 
thereof. 

To change the resolution the apparatus is equipped 
with ZOOM module 103 (Fig. 2). in which the raster pat- 
tern of pixel values can be converted by interpolation 
into a pattern having larger or smaller resolution. Inter- 
potation algorithms for resolution change are generally 
known. Instead of interpolation, an enlargement or 
reduction is possible by simply doubting or skipping 
scan lines, respectively. 

A diagram of the construction of an interpolation cir- 
cuit for quadratic interpolation In shown in Rg. 7. The 
algorithm used for tiiis two-dimensional process is 
based on successive performance of two one-dimen- 
sional interpolations. The first interpolations are per- 
formed in a direction transversely of the scan lines, and 
in these conditions interim Image lines are calculated 
which lie on the required positions between the original 
scan lines. Interpolations are then carried out in each 
interim image line on the pixels thereof, so that the val- 
ues of pixels at the required positions are calculated. 
This process is described in detail In: Stucki, R: "Image 
processing for document processing", from: "Advances 
in digital image processing", Plenum Pub. Corp., 1980. 
p. 177-216. 

The interpolation circuit comprises a first module 
201 for the first-mentioned interpolation and a second 
module 202 for the second interpolation. 

For a one-dimensional quadratic Interpolation, four 
pixel values on a line are required, and for this purpose 
the two modules are adapted to process fbur pixel val- 
ues simultaneously. The module 201 has four inputs to 



which tiie scanner signals of four successive scan lines 
are presented by means of three line buffers 203, 204, 
205. In this way. the values of the pixels situated at a 
specific position in the four scan lines are presented 

5 simultaneously From this the module 201 calculates the 
value of a pixel of the interim image line at the said posi- 
tion. In this way module 201 delivers a stream of pixel 
values of consecutive interim Image lines. Module 201 
is connected via a line buffer 206 to the second module 

10 202 which also receives on its other three inputs tiie 
three preceding pixel values of each directiy presented 
pixel value via a data stream which is tapped off three 
times and delayed in latches 207, 208, 209. From these 
four pixel values module 202 calculates the value of the 

75 interpolated pixel. Thus a stream of interpolated pixel 
values of the enlarged or reduced image appears at the 
output of module 202. 

With arbitrary use of tiie ZOOM module 103 in tiie 
case of resolution enlargement botii the number of pix- 

20 els per scan line and the line frequency, i.e. the number 
of scan lines per second, are enlarged and this may be 
difficult to further processing of the image signals, 
because tiiere Is a risk that the bandwidth of the 
processing modules, such as the half-tone module, will 

25 be exceeded. This can be solved by also using to delay 
tiie data stream the buffer 1 04 which is already provkied 
to even out any synchronisation discrepancies. 

Alternativety, for enlargement, the scanning speed, 
i.e. the speed at which the motor 9 moves the scanner 

30 carriage 11 (Fig. 3) witii respect to the document, can 
be reduced, while the line frequency (senile fre- 
quency) of tiie scanner is kept constant. As a result, the 
resolution increase in the direction of transit of the scan- 
ner is already reached by the scanner movement itself, 

35 while the frequency at which the scan lines are deliv- 
ered by the scanner remains constant. In that case tfie 
ZOOM module is used only for one-dimensional resolu- 
tion enlargement, i.e. increasing the number of pixels 
per scan line. 

40 This solution has been chosen for the apparatus 
described here. The speed of movement of the scanner 
is adjustable here and is controlled in dependence on 
tiie enlargement factor. 

For some high enlargement factors. It may happen 

45 that the bandwidth of the processing electronics is 
exceeded, because the number of pixels per scan line is 
too high. In that case, the line frequency can be reduced 
if required, so that the - longer - lines are delivered witii 
longer intermediate pauses, so that there is more time 

50 for processing them. 

This can be done, for example, by additionally 
reducing tiie scanning speed and also reducing the line 
sample frequency of the sensor an^ay. If the latter 
encounters practical difficulties, tiie scanning speed can 

55 also be additionally reduced while the line sample fre- 
quency remains constant. In that case the number of 
scan lines per length unit in the direction of transit is nat- 
urally excessive, but this number is then reduced by tiie 
ZOOM module to the correct number of lines which are 
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Xh&\ delivered with longer Intermediate pauses. 

In tlie case of reduction, the complete change of 
resolution can be earned out by the ZOOM module, 
because in this case there is no risk of exceeding the 
bandwidth of the processing electronics. Also, reduction 
can of course be candled out by increasing the speed of 
movement of the scanner carnage 11 (Fig. 3) while 
maintaining the line frequency (sample frequency). In 
that case the ZOOM module is used only for resolution 
reduction in the direction of the scan lines (reduction of 
the number of pixels per line). 

In the case of intensive reduction, however, the 
required speed of movement of the scanner carriage 
may become impracticably high. To obviate this, a 
hybrid method can also be used, in which both scanning 
speed is reduced and the number of lines reduced with 
the ZOOM module. 

A convenient choice is to increase the speed of the 
scanner solely by half the required value and to use the 
delivered scan tines simply alternately 

The multiple-up function 

The apparatus desaibed also has a multiple-up 
mode, in which a number of documents specified by an 
operator is printed in reduced form on one copy sheet 
The original documents are scanned one by one by the 
scanner and combined to give a total image by means 
of the mixer modules 108 and 115, memory 1 1 1 and the 
virtual frame modules 1 14a. 1 14b. The combination of a 
total Image ohthts kind will now be explained by refer- 
ence to an example of 4-ijp, in which, therefore, four 
original documents are printed in a two-by-two arrange- 
ment on one copy sheet. Other numbers are carried out 
similarly Reference wilt be made to Fig. 8. 

In response to the specification of the number of 
document images to be compiled, the apparatus control 
determines the suitable reduction and arrangement of 
the images, so that these fit in optimum manner on one 
copy sheet. These data are pre-stored in a table for 
each possible value of the number. The documents are 
then scanned one by one and the scanned and reduced 
image, hereinafter refenred to as the sub-image, is 
stored in each case in the memory 111. After the sub- 
images con-esponding to the first two documents (301 
and 302 respectively) have been stored, they are each 
read-out by an output of the memory 1 1 1 and combined 
in insert module 1 13a. 1 13b respectively with a rectan- 
gular image large enough to contain both (303 and 304 
respectively). The "blank" parts of the images 303 and 
304 are indicated by a cross. 

In these conditions, the first sub-image 301 is 
placed on the left in the larger image 303 and the sec- 
ond sub-image 302 on the right in the larger image 304. 
These two larger images 303 and 304 are then mixed in 
a mixer multiplexer 115 and the result, 305, is again 
stored in the memory 111 via the return line 120. The 
third original document is then scanned, reduced, and 
stored in memory 1 1 1 as sub-image 306. 
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Sub-image 306 is then read out and placed in a 
larger image 303 large enough to contain the three sub- 
images 301 , 302, 303. At the same time, the combined 
image 305 of the first and second sub-images is read 
5 out and also placed in a larger image 307 of this kind. 
These larger Images 307 and 308 are now in turn mixed 
in mixer multiplexer 115 and re-written in memory 111 
as image 309. The fourth original document is then 
scanned, reduced, and stored in memory 111 as sub- 
to image 310. 

SLd>-image 310 is in turn read out and placed in a 
larger image 311 equal in size to image 309. At the 
same time, image 309 is read out of memory 1 1 1 (this 
image still contains an empty space). Both images 309 
15 and 311 are then combined In mixer multiplier 115 to 
form the end image 312. This end image is then trans- 
mitted to the printing unit to make a physical print 

The total multiple-up image is txjilt up in this way. 
Other numbers of documents can be combined into one 
20 image in a similar manner. Alternatively, a larger image 
of a fixed size can be used to start with, of a size suffi- 
cient to accommodate all the sub-images. 

In an alternative procedure, all the documents are 
first scanned, reduced, and stored in the memory 111 
25 and then the combination is carried out by adding the 
sub-images one by one to the total image, in exactly the 
same way as desaibed above. 
A particular form of multiple-up is one in which the sub- 
images do not relate to different original documents but 
30 all reproduce one and the same document. This form is 
also known as "same-up". The procedure for forming a 
same-up total image is largely identical to the said alter- 
native procedure for a multiple-up total image, in which 
first all the documents are scanned, the only difference 
35 being tiiat it is always the same sub-image that is used. 
The orientation of the copy sheet can be adapted 
according to the number of documents to be imaged on 
a copy sheet Thus a 4-up inmge will preferably have the 
same orientation as the original documents (usually 
40 "portrait", because most documents have this orienta- 
tion). With 8-up, however, a "landscape" orientation 
formed by two 4-up images next to one another is pref- 
erable, at least for A-formats. because then the copy 
sheet can be completely filled. In that case, the sub- 
45 images must be rotated tiirough 90'. The rotation mod- 
ule 109 in the diagram of Fig. 2 is then used. 

The printer function 

50 In the apparatus described here, when a data file is 
fed via a networK a print thereof is not generally made 
immediately, a command from the operating panel 
being awaited. 

The procedure in the case of a print job arriving via 

55 tiie network is as follows (referring to Fig. 4). A data file 
for printing fed by a workstation via the network is 
passed by the network connection unit 220 to the job 
recognition OKxlule 222. This extracts from the file a 
number of predetermined identification data, examines 
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the file to recognise the page description language 
(PDL) used and passes these identrfication data and 
PDL to control unit 18. In this example, the extracted 
identification data contain the name of the owner and 
the name of the file itself. The file is then stored 
unchanged on memory disc 223, after wNch the appa- 
ratus passes into the stand-by condition. 

Ck)ntrol unit 18 manages a list containing the identi- 
fication data of all the data files for printing stored on 
memory disc 223. If a new file Is supplied via the net- 
work, the control unit 18 adds the identification data 
thereof to the list. Whenever a data file is printed, the 
control unit 18 removes the identrfication data of that file 
from the list 

If an operator wishes to print a specific data file, 
then he should give an order for this purpose by means 
of the apparatus operating panel 19A. In response to 
this, the data file is brought up from the memory disc 
223 and converted by the PDL interpreter 224 into print- 
able data which are then processed by the printing unit 
to give a print. 

It would also be possible so to construct the appa- 
ratus that data files supplied are immediately converted 
into printable data and are then stored in memory 111. 
The above list then contains the data of the supplied 
and converted files. The operator can then select a ffle 
from the list and have it printed, in the same way as in 
the embodiment described at>ove. 
The operation of the said functions of the apparatus will 
now be described. 

Operation of the enlargement Unction 

Reference will be first be made to Fig. 6 in connec- 
tion with the operation of the enlargement function. The 
enlargement is adjustable in the "Basic settings" col- 
umn, which is selected with key 65A. 

The column allocated to enlargement is the furthest 
on the right, above key 65E. This column offers an 
option between two settings, a first in which the enlarge- 
ment factor is determined automatically by reference to 
the format of the original document and the copy format 
selected, and a second in which the enlargement factor 
is freely adjustable by the operator. The black dot 80 
indicates that the latter option has been selected. 

When the latter option is selected, a frame 81 
appears around the enlargement factor on the screen, 
with the star symbol 82 therein, thus showing the oper- 
ator that the star keys 66A - D are now active for setting 
the enlargement factor. By way of example, "100%" has 
been taken as the basic value for the enlargement fac- 
tor, but another default value can be selected. If. for 
example, the automatic enlargement has been set prior 
to the selection of the freely adjustable enlargement fac- 
tor, then this automatic enlargement factor could also be 
taken as the basic value. 

The operator can now change the value of the 
enlargement factor in two ways using the key star clus- 
ter 66A - D. By means of the pair of keys 66A/B the 



value is increased or reduced by one percentage point 
at a time, while the pair of keys 66C/D is used to 
progress through a set of standard values. These stand- 
ard values agree with the proportions between the 
5 standard paper formats. Standard values of this kind 
are, for example, for A-formats: 25%, 50%, 71%, 100%, 
141%, 200% and 400%. 

Rg. 9 is a flow diagram traversed by the operating 
unit in establishing the enlargement factor set by the 
10 operator. Here the enlargement factor (expressed as a 
percentage) is indicated by symbol Z. The standard val- 
ues are indicated by Z^ 

The keys 66A, B, C and D are read out continuously 
in a cycle with short intervals. If an activated key is 
75 found in these circumstances, the valid value of the 
enlargement factor Z at that time is changed in depend- 
ence on the function of that key. 

If key 66A is activated, the enlargement factor is 
increased by one percentage point, while if key 66B is 
20 activated, the enlargement factor is reduced by one per- 
centage point. If key 66C is activated, the enlargement 
factor is made equal to the next highest standard value 
while if key 66D is activated the enlargement factor is 
made equal to the next lowest standard value. 
25 Although not shown in the drawing, when a maxi- 
mum value is reached in either value series, the value is 
not changed any more, but remains at the current value. 
If the operator keeps a key depressed, the enlargement 
factor will automatically be increased or reduced further 
30 with a certain cycle time until the maximum or minimum 
value is reached. 

After the enlargement factor has changed in value, 
the new value is shown on the display and this value is 
passed to the apparatus control which reprograms the 
35 ZOOM module and, if applicable, the control of the 
scanner motor 9, so that the corect change In the reso- 
lution of the image data is obtained. 

Operation of the nujltiple-up function 

40 

The multiple-up function is selected by depressing 
key 65D and selecting the multiple-up function with key 
64E. Fig. 10 shows the make-up of the display screen 
after this has been done and a nunlber of four originals 

45 per copy has been set. 

In the furthest right column of the display screen 60 
the dot 85 and the frame 86 now indicate that the multi- 
ple-up function has been set and the value "4" shows 
that the 4-up setting has been selected therein. An icon 

50 88 diagrammatically shows the layout of any print: a 
copy sheet with four rectangles representing the sub- 
images thereon. Finally, the frame 86 includes the star 
synnk>ol 87 to show the operator that the star cluster 
keys 66A-D are now active for setting the number of 

55 sub-images to be reproduced on a copy sheet. 

Key 64D can also be used to select whether the 
sub-images are each to represent a different original 
("multi-up") or all the same original fsame-up"). Here 
the "multi-up" setting has been selected. 
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The star keys 66A-D can now be used to set the 
number of sub-images per copy sheet. 

The number is increased or reduced simultane- 
ously by one using the pair of keys 66A/B while the pair 
of keys 66C/D is used to progress through a set of 5 
standard values. These standard values agree with the 
squares (corresponding to a lay-out of n x n sub-Images 
wherein the total image has the same orientation as the 
sub-images) and also the squares multiplied by 2 (cor- 
responding to a layout with two blocks each of n x n sub- io 
Images next to one another, the total image being 
rotated through 90* with respect to the orientation of the 
sub-images). The standard value series thus consists of 
the values: 2. 4, 8, 9, 16, 18, 25, 32, etc. 

It should be noted that during the printing the sub- is 
images are always disposed in a lay-out agreeing with 
one of ttie standard values. One or more spaces may 
possibly not be filled if the number of sub-images set 
does not belong to the standard values. It is up to the 
operator exactly to indicate the number of sub-images 20 
(using the pair of keys 66A/B), or immediately select the 
required layout, the latter by selecting the associated 
standard value (using the pair of keys 66C/D). 

Fig. 1 1 shows a flow diagram traversed by the oper- 
ating unit in establishing tiie number of sub-images set 2s 
by the operator. The exact number (expressed in units) 
is indicated here by the symbol a. The standard values 
are indicated by a*. 

On selection of the multiple-up function witii key 
64E. the frame 86 witii tiie star symbol 87 and tiie icon 30 
86 are placed in the column tiiereabove. The default 
value taken is "2". 

The keys 66A, B, C and D are read out continuously In 
a cyde with short intervals. If an activated key is found 
in these circumstances, the valid value of the number of 35 
sub-images at that time is changed In dependence on 
the function of that key 

If key 66A is activated, the number of sub-images a 
is increased by 1 , and then a check is made whether the 
new number still fits In tiie current standard value a*. If 40 
not. a* is inaeased to the next (highest) standard value. 
For example, if a Is Increased from 2 to 3 (a* was 2 for a 
= 2) then a* must be Increased to 4, because 3 sub- 
images do not fit in a 2 X 1 layout although tiiey do in a 
2x2 layout. The new number a Is then displayed on the 4s 
display screen together with tiie icon corresponding to 
the possible new value of a*. The program tiien returns 
to the read-out cycle of the star keys. 

If key 66A is not activated but key 66B is activated, 
then the number of sub-images a Is reduced by 1. A so 
check Is then made whether tiie new number also f its In 
the standard number directiy below the current standard 
number a*. If so. this low^ value Is selected for a*. The 
new number a is ttien displayed on tiie screen togettier 
witti tiie icon con-esponding to the possible new value of ss 
a*. The program ttien returns to tiie read-out cyde of the 
star keys. 

If key 66C is activated, the next highest value of the 
series is taken for a* and if key 66D is activated the next 



lowest value of the series is taken for a*. In both cases, 
the number of sub-images displayed on screen 60 in tiie 
column above key 64E is "max,", followed by tiie instan- 
taneous value of a*, and also tiie icon corresponding to 
a*. Rnally, tiie value of a is made equal to a* and tiie 
program returns to tiie read-out cycle of tiie star toys. It 
should be noted tfiat tiie actual number of documents to 
be printed may be greater than ttie standard nun*er a* 
set. In that case, more copy sheets are used, each witti 
a layout according to a*. 

In an alternative embodiment, ttie key star is 
formed by six keys 66E-J as shown In Rg. 13. As 
already stated, the series of standard numbers of sub- 
images consists of ttie square and the squares multi- 
plied by two. In the first case, the orientation of the copy 
sheet is equal to ttiat of ttie sub-images while in the sec- 
ond case it is not. In this embodiment, the series of 
squares is adjustable vwtfi ttie pair of keys 66G-H and 
the series of squares multiplied by two is adjustable witti 
the pair of keys 66W. Thus ttie operator can select ttie 
orientation of tiie copy sheet by using one or ottier of ttie 
said pairs of k^. The exact number of subn'mages is 
always set witti tiie pair of keys 66E-R 

Implementation of the opeation is completely simi- 
lar to ttie above description relating to ttie four-key star. 

Rg. 12 shows a flow diagram traversed by the 
apparatus confrol in implementing a multiple-up order 
This is started by ttie operator depressing start key 61 
after ttie settings of the multiple-up mode and ttie 
number of sub-images per copy have been made. 

Starting witii ttie value of a*, tiie necessary data for 
ttie reduction and ttie layout of the sub-images is 
brought up from a table. 

A sensor suitable for the purpose now checks 
whettier the feed tray of tiie ADF contains original docu- 
ments; if not, a message is transmitted and ttie appara- 
tus stops. 

The first document Is ttien conveyed to ttie scanner 
and scanned (in reduced form), followed by the follow- 
ing documents, as long as there are documents in ttie 
ADF feed tray An interim image is formed for each sub- 
sequent document, consisting of images of all the docu- 
ments scanned till then. The latter has been described 
in detail witii reference to Rg. 8. 

A counter N updates the number of documents 
already processed. When the total number of docu- 
ments a input by tiie operator with ttie pair of keys 
66A/B has been reached, then (only if the actual 
number of documents Is smaller than the cun-ent stand- 
ard number a*) tiie interim image Is filled in witii blank 
sub-images until the standard number a* and a print is 
made of the interim image. Also, if ttie number of docu- 
ments in the ADF feed Iray Is less ttian ttie number a, a 
print is made with possibly blank spaces. 

If ttie actual number of documents is found to be 
greater ttian the number a Input by ttie operator, or If it 
is greater ttian ttie standard numt)er a* set, ttie - full - 
Interim Image Is printed and a fresh start Is made witti 
ttie remaining documents. A counter n now updates the 
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number of processed documents in the new interim 
image. 

Operation of the print function 

s 

Fig. 1 4 shows the make-up of the display screen 60 
after the print function has been selected with key 64A 
in the basic settings column. In this case the function of 
key 64B changes to the extent that only "single or dou- 
ble sided" can now be set with respect to the prin t. /The io 
keys 64D and 64E now also receive the function of 
spedfvina the data file for printing by selecting the user 
and file name. Dif ferent ffles of different users may be 
stored in the memory Ail these files are written in a lisL 
of the control u nit 18, as described hereinbefore, and is 
can be displayed on the screen 60 fbr selection. 

After key 64D has been depressed, an operator can 
select a user name from the list of users who have sent 
one or more files, and after depression of key 64E a file 
name can be selected from the list of files sent by the 20 
selected user. When the print function has been 
selected with key 64A, the apparatus also automatically 
comes into the same mode as after depression of key 
64D. In that case this latter key does not have to be re- 
pressed. 25 

The file thus selected is printed on depression of 
the start key 61 . 

In response to the depression of key 64D (or 64A). 
the column of the screen above this key is provided with 
a frame 90 and a star symbol 91 to indicate that a user 30 
name can be selected and that the star keys 66A-D are 
active for such selection. As a pre-selection, the name is 
automatically selected of the user who last sent a file to 
the apparatus. As an alternative, of course, it would be 
possible to use the first user name in alphabetical order 35 
or any other preference. The key pair 66A/B is used to 
progress in alphabetical order through all the user 
names in the list, key 66A for forward and key 66B for 
backward progress. If there are more names than can 
be displayed simultaneously in frame 90, then as many 40 
names as fit therein are displayed and the display 
scrolls automatically through the entire list. A bar 92 
witin text in reverse video shows what name has been 
selected. The pair of keys 66C/D is used to jump to the 
first name in the list starting with the next or previous let- 45 
ter in the alphabet. For example, if the list contains the 
names: "aavm". "adf, "aghh". bed", "bhg". "evl", "joe", 
"^gh", then starting from the selection "bed", after 
depression of key 66A the program jumps to "bhg" and 
after depression of key 66B to "aghh". after depression so 
of key 66C to "evl" and after depression of key 66D to 
"aavm". The implementation of this procedure is obvi- 
ous and similar to the above-described examples. Here 
again, if a key is kept depressed tiien following steps are 
automatically made each time. 55 

In response to depression of key 64E the column of 
the screen above that key is provided with a frame and 
a star symbol just as in the case of depression of key 
64D as described above, to show that a file name can 



be selected and that the start keys 66A-D are active fbr 
that selection. The selection with the star keys is exactiy 
the same as that fbr the selection of a user name. The 
last file sent is chosen, for example, as pre-selection. 

Afthough the invention has been explained by refer- 
ence to the above example, it will be obvious to the 
skilled man that other embodiments are possible within 
tiie scope of tiie claims. Such otiier embodiments are 
considered as coming under the scope of protection of 
the patent. 

Claims 

1. Apparatus for reproducing images on an image 
support, comprising a feed unit for image informa- 
tion; 

a printing unit for printing an image on an image 
support in accordance with the image information 
supplied; 

an operating unit provided with operating means for 
setting parameters which determine the method of 
printing tiie said image; 

a control unit connected to the operating means or 
controlling the apparatus In accordance with tiie set 
parameters; 
characterised in tiiat 

tiie operating means comprise a directional operat- 
ing element, said element by nature being adapted 
to operation in an even number of directions greater 
tiian 2, such directions being opposed in pairs, 
fbr the purpose of selecting, for a predetermined 
parameter, a value from a set of possible values, 
in such manner 

that to each pair of opposite directions of the said 
operating element is allocated a sub-set of tiie said 
set of possible values, said sub-set differing from 
ttie sub-sets allocated to another pair of opposite 
directions of tiie operating element and that opera- 
tion of the said operating element in accordance 
with any pair of opposed directions enables step- 
wise selection from tiie sub-set allocated to said 
pair of directions. 

2. Apparatus according to claim 1, characterised in 
that a first sub-set is equal to the said set and a sec- 
ond sub-set comprises a series of prefen^ed values. 

3. Apparatus according to claim 2, wherein a sakJ 
parameter comprises an enlargement factor 
between the image information as determined by 
the feed unit and the printed image on the image 
support and wherein the first sub-set comprises all 
the enlargement fectors that can be set and the 
second sub-set comprises dimensional ratios 
between standard formats for documents lying 
within tiie first sub-set 

4. Apparatus according to daim 2, provided with 
means for compiling a total image from a number of 
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sub-images each corresponding to an original doc- 
ument and for printing said total image on an image 
support, 

and wherein the first sub-set comprises all the num- 
bers of sub-images to be printed on the image sup- 5 
port and a second sub-set comprises nunlbers. 
lying within the first set. which correspond to a reg- 
ular layout, without blank spaces, of sub-images in 
the total image. 

10 

5. Apparatus according to claim 4. wherein the said 
second sub-set comprises squares of whole num- 
bers and also said squares multiplied by two. 

6. Apparatus according to claim 4. wherein a first sec- is 
ond sub-set comprises squares of whole numbers 
and a second second sub-set comprises squares of 
whole numbers multiplied by two. 

7. Apparatus according to claim 1 , 2 or 3, wherein the 20 
feed unit for image information comprise an optical 
imaging system. 

8. Apparatus according to any one of claims 1 to 6. 
wherein the feed unit for image information com- 2s 
prise an electro-optical scanner. 

9. Apparatus for reproducing images on image sup- 
port, comprising: an input unit for digital image 
information; 30 
means of storing a number of digital image data 
files supplied; 

a printing unit for printing an image on an image 
support in accordance with the image information 
supplied; 35 
an operating unit, provided with operating means 
and a display screen, for presenting all the stored 
files to an operator for selection so that a selected 
file can be printed, a character string being dis- 
played on the said screen for each file, wherein 40 
the operating means comprise a directional operat- 
ing element, such element by nature being adapted 
to operation in an even number of directions greater 
than 2, such directions being opposed in pairs, 
for selecting a character string from the set of char- 45 
acter strings corresponding to tiie stored digital 
image data files, 
in such manner 

that a sub-set of the said set of character strings is 
allocated to each pair of opposite directions of the so 
said operating element, said sub-set differing from 
the sub-sets allocated to another pair of opposite 
directions of the operating element, and 
that operation of the said operating element in 
accordance with any pair of opposed directions ss 
enables stepwise selection of the sub-set allocated 
to said pair of directions. 



1 0. Apparatus according to claim 9. wherein a first sub- 
set comprises all tiie character strings conespond- 
ing to the stored files and a second sub-set com- 
prises the alphabetically or numerically first 
character string of all the character strings of the 
said set starting with the same character. 

11. Apparatus according to any one of the preceding 
claims, wherein the directional operating element 
comprises an even number of keys greater than two 
disposed in immediate vicinity of one anotiier and 
opposite one another in psurs. 

12. Apparatus according to any one of claims 1 to 10. 
wherein the directional operating element com- 
prises an even number of fields greater than two 
disposed in the immediate vicinity of one another 
and opposite one anotiier in pairs on a touch-sensi- 
tive display screen. 

13. Apparatus according to any one of claims 1 to 10, 
wherein the directional operating element com- 
prises a joystick. 

14. Apparatus according to any one of claims 1 to 10, 
wherein the directional operating element com- 
prises a mouse. 

15. Apparatus according to any one of claims 1 to 10, 
wherein the directional operating element com- 
prises a track ball. 
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